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Abstract. Deep, wide-range and accurate UBVRI photometric sequences 
have been estabhshed around more than 80 symbiotic stars, to assist 
current photometry as well as measurement of old photographic plates. 
Sequences for 40 symbiotic stars have already been published; the obser- 
vations for the others have already been secured. 



1. Introduction 

Availability of suitable UBVRI photometric sequences around symbiotic stars is 
an essential step in promoting a large-scale documentation effort of present time 
multi-band lightcurves as well as reconstruction of the historical behavior. 

To serve for measuring archival plates, the sequence stars have to be well 
isolated from neighbors to avoid blending on short focal length patrol plates, 
have to be grouped close to the symbiotic variable so as to fall within the same 
eyepiece field of view, and must extend over a wide range in brightness to easily 
cover both faint states in quiescence (like eclipses) as well as bright outbursts. 

To assist present time CCD photometry (carried out mostly by amateurs 
with telescopes of 1-2 m focal lengths), the sequences must also cover a wide 
range in colors (to allow simultaneous derivation of transformation coefficients), 
be compact enough to easily fit onto a small CCD (^5 arcmin in diameter) and 
be accurately placed on the UBVRI system. 

The UBVRI sequences on the Johnson-Cousins system that we have cali- 
brated around more than 80 symbiotic stars follow the above prescriptions and 
are discussed in this paper. Their use on Asiago archive plates is described by 
Jurdana-Sepic and Munari (2002, and references therein). 

2. The sequences 

Figure 1 and Table 1 show a typical UBVRI photometric sequence among the 
82 we have calibrated. The increasing errors at the brightest magnitudes are 
due to saturation effects, and those at the faintest magnitudes are dominated 
by the photon statistics. 
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Figure 1. Identification chart for the UBVRI sequence in Table 1. 



The symbiotic stars for which we have aheady obtained the multi-epoch 
UBVRI observations suitable for the calibration of the photometric sequences 
are hsted in Table 2. Of the 82 listed objects, 40 have their sequences published 
by Henden and Munari (2000, 2001); the remaining 42 wih fohow shortly. The 
program stars have been mainly selected from the catalogues of symbiotic stars 
of Allen (1984) and Belczyhski et al. (2000) 

All observations were made with the 1.0 m Ritchey-Chretien telescope of 
the U.S. Naval Observatory, Flagstaff Station. A Tektronix/SITe 1024x1024 
thinned, backside-illuminated CCD was used, along with proper Johnson UBV 
and Kron-Cousins RI filters. The telescope scale is 0.67 arcsec/pix and typical 
seeing was ~2 arcsec. The color transformation equations for this instrumental 
combination are particularly good, with slopes deviating from unity by only a 
few hundredths of a magnitude (see Eq.(l)-(5) in Henden and Munari 2000). 
Only data collected under photometric conditions (transformation errors under 
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12.896 
13.510 
13.838 
14.799 
15.426 
16.025 
16.546 
16.900 
17.468 
18.108 
19.057 
20.072 



±0.012 
±0.003 
±0.002 
±0.004 
±0.005 
±0.004 
±0.000 
±0.004 
±0.002 
±0.006 
±0.010 
±0.017 



11.632 
12.782 
13.289 
13.092 
14.486 
15.108 
15.528 
15.115 
16.335 
16.997 
17.884 
18.509 



±0.023 
±0.005 
±0.005 
±0.005 
±0.006 
±0.006 
±0.000 
±0.000 
±0.006 
±0.009 
±0.009 
±0.026 



1.264 
0.728 
0.549 
1.707 
0.940 
0.917 
1.018 
1.785 
1.133 
1.111 
1.173 
1.563 



±0.035 
±0.003 
±0.001 
±0.001 
±0.005 
±0.004 
±0.006 
±0.006 
±0.009 
±0.005 
±0.020 
±0.043 



1.092 
0.256 
-0.009 
1.698 
0.705 
0.263 
0.457 
1.858 
1.018 
0.629 
0.527 



±0.045 
±0.016 
±0.016 
±0.008 
±0.003 
±0.007 
±0.010 
±0.009 
±0.021 
±0.040 
±0.074 



0.402 
0.318 
0.950 
0.533 

0.555 
0.608 
1.016 
0.667 
0.640 
0.726 
1.016 



±0.001 
±0.000 
±0.006 
±0.011 
±0.007 
±0.002 
±0.009 
±0.004 
±0.013 
±0.012 
±0.005 



0.394 
0.334 
0.891 
0.484 

0.563 
0.615 
0.964 
0.597 
0.620 
0.660 
1.050 



±0.002 
±0.009 
±0.007 
±0.005 

±0.003 
±0.010 
±0.008 
±0.003 
±0.015 
±0.053 
±0.071 



Table 1. The UBVRI comparison sequence plotted in Figure 1. N 

is the number of observations on separate nights used to check for 
variability. The quoted errors are formal ones. 



Z And 


CICyg 


RS Oph 


EG And 


V407 Cyg 


V1261 Ori 


CM Aql 


V1016Cyg 


AG Peg 


V352 Aql 


VI 329 Cyg 


AX Per 


V1413 Aql 


ER Del 


V471 Per 


RAqr 


LTDel 


DQ Ser 


UVAur 


AGDra 


DTSer 


TXCVn 


GHGem 


EG Ser 


BD Cam 


NQGem 


RTSer 


CI Cam 


YYHer 


UU Ser 


LLCas 


V443 Her 


HMSge 


V627 Cas 


V503 Her 


QWSge 


ZZCMi 


V934 Her 


FNSgr 


TCrB 


RWHya 


V919 Sgr 


BFCyg 


BX Men 


V4018 Sgr 


CHCyg 


V694 Men 


V4074 Sgr 



V4368 Sgr 


Hen 3-1341 


IV Vir 


Hen 3-1342 


PUVul 


Hen 3-1591 


V335 Vul 


K3-9 


ALS 1 


M 1-21 


ALS2 


MWC 960 


AS 201 


Mac 1-17 


AS 210 


NSV 11776 


AS 289 


Pe 2-16 


AS 323 


Pt 1 


AS 327 


StHa 149 


Ap3-1 


StHa 164 


UKS Cel 


StHa 169 


Draco C-1 


StHa 180 


Hen 2-442 


StHa 190 


Hen 2-468 


StHa 32 



Wray 1470 
Wray 157 



Table 2. List of symbiotic stars for which we have obtained a UBVRI 
photometric sequence. Forty of them have been piibUshed in Henden 
and Munari (2000, 2001); for the remaining 42, the observations have 
been completed and publication will follow. 
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0.02 mag) have been used, and the calibration has been made against the Landolt 
equatorial fields (Landolt 1983, 1992). 

Each photometric sequence is composed of 10 to 15 stars, which have been 
selected and ordered on the basis of their B band magnitude. The latter is 
reproducible by most filter-equipped CCD cameras, it is the closest one to the 
nipg band of historical observations, and the B band is particularly well suited 
to investigate the variability of symbiotic stars. Stars of varying color are in- 
cluded in the sequence to allow simultaneous determination of transformation 
coefficients. The comparison sequences are tighter around the usual brightness 
of each symbiotic star and become looser away from it. 

The stars included in the comparison sequences have been checked on at 
least three nights for variability. We cannot obviously rule out beyond doubt 
that some of them are indeed variable, but the agreement at a few milli-mag 
level of their magnitude measured on different nights over an interval of months 
gives some confidence in their use. 
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